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Health and Safety Risks in Production Agriculture
SUSANNA G. VON ESSEN, MD, Omaha, Nebraska, and STEPHEN A. McCURDY, MD, Davis, Califomia

Production agriculture is associated with a variety of occupational illnesses and injuries. Agricultural
workers are at higher risk of death or disabling injury than most other workers. Traumatic injury com-
monly occurs from working with machinery or animals. Respiratory illness and health problems from
exposures to farm chemicals are major concerns, and dermatoses, hearing loss, certain cancers, and
zoonotic infections are important problems. Innovative means of encouraging safe work practices are
being developed. Efforts are being made to reach all groups of farmworkers, including migrant and
seasonal workers, farm youth, and older farmers.
(Von Essen SG, McCurdy SA. Health and safety risks in production agriculture. West J Med 1998; 169:214-220)

Agriculture is a major industry in the United States.
About 10 million people work in production agri-

culture. These include owner-operators and their fami-
lies, full-time employees, migrant and seasonal workers,
and persons who regularly work on farms, such as vet-
erinarians and crop consultants.

As consumers, we know of the variety of agricultur-
al products. Many people, however, including some

health care professionals, do not realize that production
agriculture is associated with a risk of injury and illness
greater than that of most other industries. Agriculture is
unique because these risks affect many children and
elderly persons as well as workers between the ages of
18 and 65 years.

Farmers and farmworkers are at greater risk of trau-
matic death and disabling injury than workers in all indus-
tries except mining.5 According to the National Safety
Council, the number of fatalities has greatly decreased in
recent years in mining and construction but has fallen only
slightly in agriculture.6 Risks of acute pesticide poisoning
and long-term effects of pesticide exposure such as lym-
phoid malignant neoplasms are present in a variety of set-
tings where crops are grown. Respiratory disorders devel-
op from the inhalation of grain dust, other types of organ-
ic dusts, and work in animal confinement facilities. Hear-
ing loss is an important problem in settings where machin-
ery is in use. Skin cancers caused by sun exposure are a

serious problem. Irritant and allergic dermatoses occur

from exposures to plants and farm chemicals. Zoonotic
infections can cause life-threatening illness. Heat and cold
stress occur from exposure to the elements.

In recent years, efforts have increased to characterize
and reduce these hazards. Interventions have included
engineering innovations, legislation, education programs,

and improved occupational medicine services for farm-
ers.7'8 Programs are being developed to provide insurance
incentives for farming more safely.9'10 The increasing
number of corporate farms, which do not employ children
and which often have safety programs, may reduce the
risk for farm workers. A great need still exists for changes
that will further reduce the number of occupational
injuries and illnesses related to production agriculture.1'
In this article, we review the major health and safety risks
in production agriculture.

Agricultural Workers
There are few data describing the size and characteris-
tics of agricultural populations, and great disparities
exist in figures given by different sources, especially for
hired laborers. The 1992 Census of Agriculture reports
3,801,878 directly hired farm laborers on the nation's
1,925,300 farms.'2 Martin and others have estimated
there are about 2.5 million hired farmworkers in the
United States, of whom about 2.0 million are involved in
crop production. 13 14 About 900,000 of these are migrant
and seasonal workers, two thirds of whom shuttle from
a fixed location outside the United States and stay for
the season ("shuttle migrants"); about a third travel to
follow crop employment.'4

Hired farm laborers are especially difficult to count
because of the social, economic, and linguistic margin-
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alization characteristic of this population.'5 The Bureau
of Labor Statistics reports an average annual employ-
ment in 1996 of 752,200 persons in production agricul-
ture.'6 The 1990 Census indicates 182,235 migrant and
seasonal farm workers in California, yet figures based
on employment, average crop-specific labor demand,
and crop volume statistics suggest a population size
between 563,000 and 720,000-an undercount by the
census of about 60% to 70%.13

Migrant farmworkers tend to follow three main migra-
tion streams: the eastern stream comprising the Atlantic
seaboard, the midwestern stream comprising Texas
through the midwestem states, and the western stream
based in California and Arizona and ranging up to Oregon
and Washington.'7 The eastern stream is the most ethni-
cally diverse and includes African Americans, Caribbean
peoples, and Hispanics. About 90% of the workers in the
midwestern and western streams are Hispanic.'7

The National Agricultural Workers Survey provides
useful demographic information on the farmworker pop-
ulation.'8 The population is predominantly young men
and overwhelmingly Hispanic, Spanish speaking, and
foreign born. Mexico is the most common place of birth.
Farmworkers typically have a seventh-grade education
and have spent 10 to 12 years in agriculture. California
farmworkers work an average of 35 weeks per year in
agriculture and two additional weeks per year in nona-
gricultural jobs. The median family income is between
$10,000 and $12,499. Individual incomes are about half
this figure and lowest among unauthorized workers.
Nearly half of farmworkers live in poverty. Despite
these extreme circumstances, farmworkers infrequently
use social support programs. About 13% of California
seasonal agricultural workers reported using social sup-
port programs, primarily food stamps.'9 In the 1990-
1991 California survey, about 9% were unauthorized to
work in the United States. More recent data from the
workers survey show that about 37% of agricultural
workers were unauthorized.'8 The most likely reason for
this pronounced increase in unauthorized workers is that
the Immigration Reform and Control Act of 1986 con-
ferred citizenship on noncitizens with work authoriza-
tion, who then left agricultural employment. This creat-
ed a demand for workers and drew illegal immigrants,
primarily from Mexico. Economic instability in Mexico
has also contributed to such immigration.

Traumatic Injury
Work injury data are not as readily available for agriculture
as for other industries. The reasons for this are varied,
including that most American farms do not fall under the
reporting requirements of the Occupational Safety and
Health Administration because they do not have 11 or more
employees. Also, many persons who work on farms are not
covered by workers' compensation insurance systems."2021
Death certificates have been widely used to identify fatal
injuries on farms. This practice has been found to lead to an
underestimation of the number of such deaths.22

A number of well-designed studies conducted recently
have documented a high rate of traumatic injury in farm-
workers. Injury rates reported range from 9.6% to 16.6%
per year.23-28 The greatest number of injuries occurred in
the seasons during which crops are grown and harvested.
The use of machinery and animal handling were impor-
tant causes of traumatic injury, as were falls. Dairy farm-
ing, a type of agriculture that involves extensive animal
handling, is associated with a high risk for injury. Machin-
ery injuries most often include trauma to the hand and
eye.29 The power takeoff, a device used to transfer energy
from a tractor to farm equipment, is a common source of
serious injury if it is not fitted with a safety shield.
Machinery trauma includes high-pressure-injection
injuries from devices, such as grease guns, and these
require emergent surgical decompression.30 Farm chemi-
cal exposures to anhydrous ammonia and other caustic
substances are another cause of severe eye injuries.3'
Death from electrocution is fairly common.

Fatalities associated with farm tractors are the most
common cause of work-related death in the US agricul-
tural industry.32 Most fatalities occurred from tractor
rollovers or run overs. Fatal injuries from tractor
rollovers are much more likely to occur if the tractor
does not have a rollover protection structure. A great
deal of effort is being made to provide incentives and
means for farmers to retrofit older tractors with rollover
protective structures. Legislation requiring rollover pro-
tective structures on tractors has been successful in near-
ly eliminating tractor rollover deaths in Sweden.33
Despite this, less than half of US tractors are equipped
with rollover protection structures.34

Respiratory Illness
Various respiratory disorders occur in agricultural work-
ers.35 The disorders are a common problem in this group
of workers and are a cause of substantial morbidity. These
disorders overlap considerably. For example, in a worker
who has had farmer's lung, chronic bronchitis may devel-
op as a complication.

Exposures that play an important role in causing res-
piratory disorders include grain dust, dust and gases in
animal confinement units, mold and thermophilic bacte-
ria in hay and grain, and silo gas. Many of the bioaerosols
inhaled by agricultural workers are rich in endotoxin,
which has been associated with both acute and chronic
illness. Evidence exists that other substances in the
organic dust, including mycotoxins and silica, play an
important role as well.3637

Acute respiratory illnesses include organic dust toxic
syndrome, a febrile, influenza-like illness that occurs 4
to 12 hours after exposure and is self-limiting.38 This
problem develops in about a third of grain and livestock
farmers at some time. The syndrome is associated with
heavy organic dust exposure, usually to grain dust or a
swine confinement building.35'36 Its symptoms resemble
those of a far less common problem, farmer's lung. The
symptoms also resemble those of metal fume fever, a
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disorder seen in welders working with galvanized metal
in the agriculture setting and elsewhere.

Farmer's lung is one of many forms of hypersensitivi-
ty pneumonitis.39 This problem is becoming rare, which is
likely due to the reduction of exposure to organic dust
from the increasing mechanization of agriculture and the
effect of farm health and safety programs. Acute farmer's
lung is characterized by dry cough, fever, and malaise
four to eight hours after exposure to a substance to which
the worker has been sensitized. The onset of the subacute
form may be less clearly linked to a specific exposure.
Biopsy of lung specimens taken in the acute and subacute
phase are notable for the presence of noncaseating granu-
lomas and a mixed population of inflammatory cells.
These forms of farmer's lung respond to treatment with
oral corticosteroids.40 A chronic form of farmer's lung
also exists that is characterized by the presence of pul-
monary fibrosis that cannot be distinguished from fibrosis
with other causes. The pulmonary fibrosis associated with
fanner's lung may lead to respiratory failure and death.4"

Chronic bronchitis is more common in agricultural
workers than in the general population.42'5 The preva-
lence of this disorder ranges from 3% to 30% of non-
smoking farmers in the populations studied. Causes for
this problem include exposure to grain dust and the animal
confinement unit environment. The findings of spirometry
may be signs of airways obstruction in these workers, or
they may be unremarkable. Inflammation and respiratory
tract symptoms can also be seen after acute, heavy expo-
sures of this type.4647 These forms of bronchitis infre-
quently cause severe respiratory impairment unless an
agricultural worker also smokes cigarettes; the adverse
effects of the farm environment and cigarette smoking on
lung function are additive.

Animal confinement workers are at risk for an asth-
malike syndrome characterized by chest tightness,
cough, and dyspnea with exertion. Various studies have
shown that 2% to 40% of workers have symptoms of the
asthmalike syndrome on a daily basis. The asthmalike
syndrome is not related to atopy. Risk factors include
increasing age; working in swine confinement units for
at least six years; and exposure to high levels of ammo-
nia, endotoxin, total dust, and respirable dust in the
barns.48 The results of spirometry are usually normal in
these workers, but they commonly have a cross-shift
decrease in the forced expiratory volume in one second.
These workers also commonly have an irritant rhinitis.

According to most studies, the prevalence of asthma
in agricultural workers is similar to that in other popula-
tions.49 50 Even though many farmworkers are sensitized
to substances in their work environment, no clear evi-
dence exists that exposure to those substances in the
work setting causes asthma. Farmworkers who have
asthma are at increased risk of suffering exacerbation of
their asthma after exposure to dusts and fumes.

Toxic gas exposures, which can be fatal, are another
important respiratory problem in production agriculture.
Silage stored in concrete silos may release nitrogen diox-
ide for several weeks after the silo is filled.51 Nitrogen

dioxide may cause death in a matter of minutes with
heavy exposure. Exposure at lower levels may cause
acute respiratory tract symptoms, and bronchiolitis oblit-
erans may develop weeks later. The bronchiolitis obliter-
ans responds to treatment with corticosteroids. Some silos
are oxygen-limiting, and entering these structures can
result in asphyxiation.

Animal wastes are frequently stored underground and
are a source of toxic gases. Entering confined spaces
used for manure storage can lead to fatalities, which are
often caused by hydrogen sulfide exposures.52

Entrapment and suffocation in stored grain is an impor-
tant problem in production agriculture. Measures such as
wearing a safety hamess and not working alone help
reduce the risk of death when handling stored grain.53

Environmental controls are important for preventing
respiratory illness in agricultural workers. These include
measures to reduce dust, such as increased ventilation
and the use of canola oil sprinkled to reduce dust in the
air in swine confinement buildings.54 Workers should
also use respirators to reduce dust exposure. Evidence
exists that the risk of episodes of farmer's lung is sub-
stantially reduced by wearing a respirator.55 Mechanical
filter respirators may be disposable paper masks or may
consist of a rubber or plastic face piece and replaceable
filter elements. These respirators should not be con-
fused with the nuisance dust masks commonly available
in hardware stores. Disposable respirators used in agri-
cultural settings should have two straps for optimal fit
and should be certified by the National Institute for
Occupational Safety and Health as being suitable for
use against dust and mists. Powered air-purifying respi-
rators offer more protection than the other types of res-
pirators and reduce the physical stress of wearing these
devices.56 Entering confined spaces with possibly toxic
gas levels should be avoided if possible. The use of
proper equipment with an air supply is essential for
entering spaces known or suspected of containing dan-
gerous levels of hydrogen sulfide, nitrogen dioxide, or
other toxic gases.

Hearing Loss
Farmers are regularly subjected to loud noises when
working with machinery such as tractors, feed grinders,
and chain saws.57'58 Noise made by large animals such as
pigs can be loud enough to damage hearing.59 Hearing
loss has been documented as early as the teenaged years
in farm youth.60 As with other industries where high lev-
els of noise are a problem, the noise-induced hearing loss
initially occurs in the region of the cochlea responsible
for higher frequencies. If noise exposure continues, the
hearing loss extends to lower and higher frequencies,
making normal human speech difficult to understand. In
a recent study, 65% of dairy farmers had hearing loss.
Screening audiograms to identify affected persons, engi-
neering controls to reduce noise exposure, education pro-
grams, and the use of hearing protection are an important
part of occupational health services for farmworkers.
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Cancer
The overall cancer risk for fanners is lower than for the
general population. The risk for common cancers such as
those of the lung and colon is lower in farmers.61'62 That
for several types of cancer, however, is increased in farm-
ers, including leukemia, Hodgkin's disease, non-Hodgk-
in's lymphoma, multiple myeloma, and cancers of the lip,
stomach, skin, prostate, brain, and connective tissue. With
the exception of cancer of the lip, the relative risk for
these cancers is fairly low but has been identified in most
studies of cancer in agricultural workers. Evidence exists
that ongoing exposure to pesticides, insecticides, herbi-
cides, and fungicides may be linked to an elevated relative
risk for some cancers,63 but not all studies find a relation-
ship between exposure to farm chemicals and cancer.

Farm Chemical Poisoning
Pesticide exposure can cause serious illness and death. Ill-
ness from pesticide exposure is likely frequently not rec-
ognized or reported as being linked to this exposure. Vari-
ous pesticides can cause acute illness.M Organophosphates
irreversibly block the enzyme acetylcholinesterase, caus-
ing acetylcholine to accumulate at nerve synapses and the
neuromuscular junction and leading to excess parasympa-
thetic stimulation. Signs and symptoms of organophos-
phate poisoning include bradycardia, hypotension, saliva-
tion, lacrimation, urinary incontinence, diarrhea, vomiting,
abdominal cramping, bronchospasm and bronchorrhea,
muscle fasciculations and weakness (which can cause res-
piratory failure), confusion, hallucinations, seizures, and
coma. Treatment of this problem includes the anticholin-
ergic agent atropine sulfate and oximes such as prali-
doxime chloride, which are used to displace the
organophosphate from cholinesterase.

Long-term exposure to organophosphates is seen in
farmworkers such as orchard sprayers and in other
groups. Symptoms include headache, nausea, weak-
ness, fatigue, and chest tightness. Evidence is increas-
ing that long-term organophosphate exposure can
cause permanent neurologic deficits,65 including
peripheral neuropathy and deficits in memory, atten-
tion, and motor skills.

Biomarkers of exposure to organophosphates include
cholinesterase levels in plasma and erythrocytes. Levels
should be determined at baseline and at the time of sus-
pected poisoning. Moderate symptoms may be expected
with a 60% to 90% reduction in levels from baseline.

Carbamate insecticides cause a reversible inhibition
of cholinesterases with symptoms similar to those of
organophosphate poisoning. Treatment consists of the
administration of atropine.

Pyrethrin and pyrethroid insecticides are substances
that have a better safety profile than do organophos-
phates and carbamates, but they can also cause severe
symptoms and death.
A variety of herbicides and fungicides in common

use can cause serious systemic symptoms. These include
2,4-dichlorophenoxyacetic acid and paraquat. The

ingestion of paraquat may result in fatal pulmonary
fibrosis and renal failure.

The key to avoiding poisoning from farm chemicals
is the safe storage of these substances and the use of
proper personal protective equipment. Accurate records
must be kept regarding farm chemical use. Also, pesti-
cide-contaminated clothing must be laundered separate-
ly from other clothing.

Anhydrous ammonia is widely used as a fertilizer. Com-
mon injuries from anhydrous ammonia exposure include
eye and skin bums and injury to the larynx.67', Long-term
impairment from lower respiratory tract injury can occur.

California is unique among the states in maintaining
reporting systems for pesticide use and pesticide illness-
es. In 1990, California instituted full-use reporting for
pesticides, requiring monthly reporting to county agri-
cultural agents.69 Reports include the date and location
(section, township, and range) where the application was
made, the crop, and the kind and amount of pesticides
used. The primary exceptions to the full-use reporting
requirements are home and garden use and most indus-
trial and institutional uses. In 1995, 211,798,752 lb
(active ingredient) were used. Of this total, 192,471,136
lb (90.9%) were used in production agriculture.69'70

Califomia has required the reporting of pesticide-relat-
ed illnesses since 1971.71 Reported cases are categorized
with respect to pesticide causation as definite, probable,
possible, unlikely, or indeterminate. In 1995, 1,593 illness-
es occurred that had a possible or confimned link to pesti-
cide use. Of these, 656 (41.2%) cases occurred in agricul-
tural settings. In 1995, the latest year for which published
data are available, 1,117 definite or probable pesticide-
related injuries or illnesses occurred in California. Unfor-
tunately, published data do not separate the agricultural
cases from this total. Exposure to pesticide aerosol from
spraying ("drift") was the most commonly reported expo-
sure circumstance and occurred in 277 (24.8%) cases. The
use of applicator equipment was associated with 251
(22.5%) cases. Definite or probable cases included 12 per-
sons admitted to a hospital (totaling 54 reported hospital
days) and 212 persons suffering disability days (totaling
883 days). No agriculturally related pesticide fatalities
occurred. Insecticide combinations were associated with
142 definite or probable cases, organophosphates were
associated with 103 cases, and fumigants were associated
with 92 definite or probable cases.

Risk factors for severe organophosphate-related ill-
ness (that is, associated with disability or hospital admis-
sion) include direct exposure to residue (odds ratio, 4.6),
work as mixer-loader or applicator (odds ratio, 4.1), and
Spanish surname (odds ratio, 1.6).72 The use of diethyl
organophosphates (versus dimethyl organophosphates)
was also associated with increased severity.

Dermatoses
Occupational skin disorders are common in agricultural
workers. The effects of sun exposure are an important
cause of morbidity in this occupational group, particular-
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TABLE 1.-Zoonotic Diseases Of Occupational Significance In Agricultural Workers
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ly in those with fair skin.73 Persons who sunburn easily
are at increased risk for skin cancers. The most common
type of skin cancer in agricultural workers and in the gen-
eral population is basal cell carcinoma. Lip cancer is also
more common in agricultural workers, as is squamous
cell carcinoma. The relative risk for the development of
nonmelanoma skin cancers in farmers ranges from 0.8 to
1.8 and for lip cancer from 1.3 to 3.1.61 The risk for
melanoma apparently is also increased for this occupa-
tional group, with the relative risk in various studies
ranging from 0.5 to 6.3. Preventive efforts have included
encouraging the routine use of sunscreens and the wear-
ing of broad-brimmed hats instead of baseball-style caps.
A variety of farm chemicals and materials used for

veterinary care can cause allergic contact dermatitis.
Important causes of this problem include many pesti-
cides, fertilizers, topical antibiotics designed for veteri-
nary use, and latex.

Zoonoses
A long list of pathogens can cause zoonotic disease in agri-
cultural workers, including bacteria, viruses, rickettsiae,
chlamydiae, parasites, and fungi.7179 The zoonotic disor-
ders range in severity from fungal infections such as ring-
worm that are easily treated to life-threatening problems
like rabies or anthrax (Table 1). Measures to prevent these

infections include maintaining the health of farm animals,
avoiding skin contact with animals known to be infected,
and wearing respirators approved by the National Institute
for Occupational Safety and Health when working in high-
risk situations where diseases such as brucellosis and Q
fever may be contracted by inhalation.

Heat and Cold Stress
Because farmworkers spend a great deal of time outdoors,
they are at risk for physical stress from excessively cold
and excessively hot environments.' The magnitude of heat
and cold stress problems in agriculture is not well docu-
mented. Tolerance to such environments varies among
individuals and may be difficult to predict.81 Agricultural
workers should be provided the means to compensate for
extremes of temperature. For example, adequate water sup-
plies while working outdoors in hot climates are essential.

Musculoskeletal Disorders
Agricultural production labor is often physically
demanding and may involve repetitive motions, charac-
teristics associated with an increased risk for acute and
chronic musculoskeletal disorders. In California, work-
ers' compensation data show that sprains and strains
make up more than 40% cases of lost work.82
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Few data are available that address chronic muscu-
loskeletal condition among agricultural workers in specif-
ic commodities. In a recent study, 71% of swine producers
reported chronic back problems.83 Osteoarthritis of the hip
and knee are common problems among New York dairy
farmers.M An increased risk for shoulder pain has been
demonstrated among greenhouse tomato workers85 and
orchard farmers harvesting pears and apples.86 Overhead
work requiring arm and head elevation was associated
with an increased risk for shoulder-neck complaints.86

The prevention of musculoskeletal conditions
requires eliminating or reducing exposure to highly
demanding, repetitive tasks. New production methods to
reduce exposures, however, may not be acceptable to
employers or workers. Methods that reduce production
or increase costs are unlikely to be accepted unless there
is a clear and offsetting reduction in injury-related costs.
Workers take pride in being among a select group able to
perform difficult jobs; they may not accept innovations
that open their employment to a wider field of potential
competitors for their work.87

Green Tobacco Sickness

Workers harvesting tobacco by hand are known to suffer
from an illness that consists of nausea, vomiting, weak-
ness, diarrhea, headache, and dizziness.88 This problem is
caused by the dermal absorption of nicotine during the
harvest process.

Conclusion

Work in production agriculture is associated with a wide
variety of health hazards. The US farm-work-related death
rate has fallen in the past 30 years, but there is still a great
need for effective programs that will further reduce the risk
of injury and illness on our nation's farms.
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